AN ONGOING epidemic by a novel coronavirus first was reported during late 2019 in Wuhan, China, and has attracted considerable attention worldwide. 1-3 On January 7, 2020, the novel coronavirus was identified by the Chinese Center for Disease Control and Prevention and subsequently was named severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) by the World Health Organization. 4, 5 The disease caused by SARS-CoV-2 infection was named coronavirus disease 2019 (COVID-19), with clinical presentation resembling severe acute respiratory syndrome and Middle East respiratory syndrome and manifesting as cough, fever, and dyspnea. [5] [6] [7] [8] [9] In particular, accumulating evidence has shown that SARS-CoV-2 exhibits effective human-to-human transmission, causing an exponential growth of new cases. 6, [10] [11] [12] The strong transmissibility of SARS-CoV-2 and a substantial number of patients who are either asymptomatic or have only mild symptoms 2,3,12 present great challenges for anesthesiologists to perform anesthetic management and successful infection prevention and control. Even though studies have been published for SARS-CoV-2Àrelated infection prevention and control during anesthesia in emergency surgery, 13 unfortunately, there are no guidelines on the anesthetic management for patients with suspected SARS-CoV-2 infection undergoing long, complicated cardiac surgeries.
Herein, 4 successful cases of aortic dissection repair in patients with suspected SARS-CoV-2 infection are reported, and current knowledge on anesthetic management and J. Huang and X. Chen are co-corresponding authors of this study. This work was supported by the National Key Research and Development Project (No. 2018YFC2001802) and the National Natural Science Foundation of China (No. 81571075). 1 infection prevention and control measures in patients undergoing aortic dissection repair with suspected SARS-CoV-2 infection is summarized. The authors aim to help perioperative healthcare providers to adopt safer anesthetic management techniques and use more effective infection prevention and control measures in these critical ill patients.
Case Characteristics
Three male patients and 1 female patient, ages 51 to 62 years, were admitted to the hospital several hours after sudden-onset chest pain. After admission, all patients were diagnosed with Standford type A aortic dissection on computed tomography scan. In addition, multiple pulmonary inflammatory changes of varying degrees were discovered on chest computed tomography in all 4 patients. None of the patients had clear complaints of respiratory symptoms. Patient 4 had moderate fever (38.6˚C), patient 1 had mild fever (37.6˚C), patient 2 had a borderline temperature (37.0˚C), and patient 3 had no fever. Blood counts showed a reduction in lymphocyte levels and a normal or mild increase in leukocyte levels. Based on the patients' presentation and history of contact, the possibility of SARS-CoV-2 infection were highly suspected ( Table 1) .
Preparation of Anesthesia and Infection Control Precautions
All medical staff adopted third-level medical protection measures, including properly wearing disposable protective clothing, medical-degree mask such as N95, disposable surgical cap, medical-degree goggles, disposable latex gloves, and disposable shoe covers. General anesthesia was induced for all patients because of the surgical procedure and the patients' clinical conditions. To prevent cross-infection in the operating room, disposable anesthetic devices in contact with the respiratory tract, including plastic respiratory pipes, video laryngoscope lenses, filters, respiratory balloons, suction tubes, and sputum suction tubes, were discarded after single use. Rescue medications were prepared before entering the operating room and then taken to the operating room.
Anesthetic Management
All patients were monitored closely via continuous electrocardiography, noninvasive arterial blood pressure, heart rate, and peripheral oxygen saturation. Once in the operating room, 2 patients demonstrated high blood pressure, and urapidil was injected for blood pressure control before general anesthesia was administered. Invasive arterial blood pressure was monitored by radial artery puncture and catheterization with ultrasound guidance with the patient under local anesthesia.
Anesthesiologists' first layer of gloves was sterilized with a hydrogen peroxide solution, and another layer of gloves was added to prepare for anesthesia induction and intubation. Highflow, high-concentration oxygen (4-5 L min) was delivered via face mask, and anesthesia induction was performed slowly. After the patient was unconscious, high-dose opioids and adequate muscle relaxant were administrated, and the patient was started on low-tidal volume, high-frequency mechanical ventilation. None of the patients coughed during anesthesia induction. Endotracheal intubation was performed successfully with video laryngoscope. After tracheal intubation, the outer layer gloves were removed, and the inner gloves were disinfected with hydrogen peroxide solution again. Then, anesthesiologists wore a disposable surgical gown and sterile gloves to complete the internal jugular vein cannulation, and connect the cannula to the pressure measuring device (Fig 1) . A nasal temperature probe was placed before heparinization. Finally, a clean drape was placed over the patient's head and face, and the eyes were taped shut to prevent corneal abrasions.
Because of the long duration of the aortic dissection repair, medical adhesive tape was used to strengthen the connection of the different parts of the personal protective equipment, including between the goggles and the mask, between the goggles and the protective clothing cap, and between the mouth and nose of the protective clothing. During surgery, the operating room temperature and humidity level were reduced, and 
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the protective equipment was changed every 3 to 4 hours depending on the degree of wetness in the protective clothing. Anesthesiologist relief was provided during either cardiopulmonary bypass or hemostasis ( Table 2) . Vital signs of all 4 patients were stable during the entire surgical procedure. The preoperative, intraoperative, and postoperative respiratory-related information of patients, including mode of ventilation and outcomes, is provided in Table 3 . Postoperatively, patients were mechanically ventilated with oxygen via a portable oxygen source and transported to an isolation intensive care unit room. After the transportation of patients, the protective equipment and other single-use equipment were discarded at a designated location in the quarantined area.
Discussion
Accumulating evidence of human-to-human transmission of SARS-CoV-2 2,6,11 and a substantial number of asymptomatic cases or patients with mild symptoms 2,3,12 undoubtedly pose a significant challenge for anesthetic management and infection control. In particular, aortic dissection repair is a long and complicated surgery. 14 Therefore, standardized anesthetic management procedures and strict infection control measures need to be developed and implemented, which is particularly important during infectious disease outbreaks. Herein, the authors report on 4 successful cases of aortic dissection repair in patients with suspected SARS-CoV-2 infection as well as anesthetic management and precaution measures in these patients with suspected COVID-19.
SARS-CoV-2 has been proven to be transmitted through aerosol or fluid from human secretions or discharges, including through coughing, sneezing, and contact with infected surfaces. 6, 11, 15 These modalities of transmission pose a highexposure risk for healthcare providers in the operating room, especially anesthesiologists. In addition, COVID-19 patients may present with mild symptoms or nonspecific signs in the early stage of disease but still are infectious. 12, 16 Therefore, all perioperative healthcare providers need to adopt third-level medical protection measures, including medical-degree eyeprotective goggles, medical-degree mask, face shield, gloves, disposable protective clothing, and disposable outer shoe covers. 13 Training personnel on the correct use of these precautions is important because incorrect use may cause potential nosocomial infections and exponential spread of SARS-CoV-2.
Considering the complexity and high risk of aortic dissection repair, direct hemodynamic monitoring with arterial and central lines is necessary. However, wearing multiple pieces of heavy protective equipment makes these procedures difficult to perform. Real-time ultrasound guidance should be used to improve the efficiency and safety. The ultrasound probe should be covered with a disposable cover to prevent probe contamination, which may lead to cross-infection.
During preoxygenation and intubation, factors such as coughing, vomiting, and desynchrony between spontaneous breathing and assisted breathing may increase the exposure risk of aerosol and oral secretions for the anesthesiologist. Therefore, adequate anesthesia and muscle relaxation must be achieved before any airway manipulation is performed. Small doses of induction drugs and high-frequency assisted ventilation with low tidal volume during anesthesia induction may reduce the incidence of these adverse reactions.
Finally, the long duration of aortic dissection repair and heavy protective equipment increase the physical burden for the anesthesiologist, and the protective efficacy of wet protective equipment will decrease significantly. Moderate hypothermia and decreased humidity in the operating room can make staff more comfortable, reduce sweating, and reduce the risk of infection. Applying anti-fog agents on protective goggles in advance can effectively reduce the fogging and water accumulation from breath and sweat evaporation. Long procedures increase the risk of perioperative aerosol infections; therefore, the authors recommend the use of medical adhesive tape to strengthen the connection between the goggles and mask, between the goggles and the protective clothing cap, and between the mouth and nose of the protective clothing to effectively prevent an insufficient seal. In addition, protective equipment should be replaced frequently to maintain the best protective function.
Conclusions
In conclusion, the authors successfully completed 4 cases of aortic dissection repair in patients with suspected SARS-CoV-2 infection and believe that the anesthetic management and infection precaution measures described herein can provide valuable information for similar conditions.
